. Ventricular fibrillation threshold for AC shocks of long duration, in dogs with normal acid-base state. Earlier experimental studies of threshold ventricular fibrillating currents passing along the common accident pathway of forelimb to leg have shown a wide range of results for any one shock duration. In the present investigation the acid-base state of the experimental animals (dogs)washeld within normal limits. It was found that whereas the mean minimum fibrillating current, 82-2,uA for 3-second shocks, was within the values found by other workers, the range of results was reduced considerably to 67-101,uA. Further, when the shock duration was increased, in stages, up to 60 seconds, again keeping the acid-base state within normal limits, the mean minimum fibrillating current did not alter markedly (being 80,uA at 60 seconds) but the range of results progressively fell and was 73-88,uA at 60 seconds. In the light of these findings the mechanism of ventricular fibrillation is discussed.
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Ventricular fibrillation is one of the more serious consequences of electric shock. As in other situations where preventive measures are to be applied it is important to know about the magnitude of the hazard likely to be associated with the risk. In their recent review, Dalziel and Lee (1968) published data derived from a number of sources from which it was clear that for any given shock duration there was a very wide variation of threshold fibrillating currents when these currents passed along the common accident pathway of forelimb to leg. Ventricular fibrillation has been studied from various aspects since it was first described by Prevost and Battelli, in 1899. Ferris, King, Spence, and Williams (1936) , Kouwenhoven et al. (1959) , and Kiselev (1963) have established minimum thresholds of fibrillation in a variety of species and under a variety of conditions. An electric current was used to induce fibrillation and the effect of many parameters on the minimum fibrillation current (MinFC) was investigated. Current frequency, duration, and pathway were examined as well as animal weight and the effect of shock timing in relation to the heart cycle. In each case the MinFC results for a given shock duration and pathway exhibited a wide variation. In none of the experiments was the acidbase or plasma ionic state of the animal measured or controlled.
Since the publication of that work acid-base state has been shown to affect plasma cation levels. Elevated potassium ion (K+) levels have been regularly associated with acidosis whether of respiratory origin (Scribner and Bumell, 1955; Young, Sealy, and Harris, 1954; Brown and Goott,1953; Brown and Goott, 1963) have both been shown to cause a slight fall in plasma K+ ion concentrations. Experiments on isolated hearts indicate that potassium ion concentration of the perfusate or the potassium/calcium ratio (Antoni, 1961) plays an important part in determining the vulnerability of the heart to fibrillation.
Experiments have also been undertaken to show the effect of acid-base state on fibrillation thresholds induced by direct current pulses applied directly to the heart. These have produced conflicting results (Gerst, Fleming, and Malm, 1966; Dong, Stinson, and Shumway, 1967; Turnbull and Dobell, 1966 ) (see Table 1 ). Metabolic acidosis, however, as a rule lowers the fibrillation threshold and, according to Turnbull and Dobell, respiratory Severinghaus (1959) , who demonstrated that anaesthesia will induce acidosis in humans. He explained this as the result of a decrease in sensitivity to arterial carbon dioxide pressure (PaCO2) in the respiratory centre. A reduced response to changes in pH has also been shown to occur as a result of barbiturates by Robson, Houseley, and SolisQuiroga (1963) , although fibrillation thresholds are not affected by barbiturate anaesthesia (McIntosh, Starmer, and Whalen, 1966) . It is possible, therefore, that the experimental animals of Ferris, of Kouwenhoven, and of Kiselev might have been in various degrees of acidosis when their fibrillation thresholds were established. The application of repeated electric shock and periods of fibrillation may have further aggravated the acidotic state.
The wide variation in MinFC results found by these workers could, therefore, be attributed to fluctuations in acid-base state and associated changes in plasma potassium ion concentration during the course of the experiments. The first aim of the present series of experiments was to test this hypothesis.
Previous investigations have clearly demonstrated the influence of shock durations between 8-3 milliseconds and 5 seconds on MinFCs. There is, however, little information on shocks of over 5 seconds duration. Kiselev (1963) found that the MinFC established with shocks of 10, 20, and 30 seconds did not differ 'in essence' from that at 3 seconds. For long shock durations, however, asphyxial changes might increasingly exert their effect and lower the threshold value (Gerst et al., 1966 state of the animal. The PaCO2, PaO2, and pH values were read from Radiometer electrodes (types E5036, E5044, and E5021 respectively). As the oxygen electrode was calibrated with oxygen-free water and water equilibrated with room air, the PaO2 readings were corrected for water/blood difference by multiplying by 0-97. This figure was obtained by tonometry with water and blood equilibrated with different oxygen mixtures (Adams and Morgan-Hughes, 1967) . The haemoglobin level was determined on an EEL colorimeter using the cyanmethaemoglobin method. The base deficit (BD) was determined from these measurements by use of the alignment nomogram of Siggaard-Andersen (1963) . These measurements provided the data necessary for acid-base control.
The acid-base state was maintained throughout the experiment within preset normal limits, namely: 96 to 102°F The Paco2 was controlled by varying the tidal volume and rate of the respiration pump and the Pao2 by varying the ratio of 02:N20. The arterial BD was controlled by infusion of molar sodium bicarbonate.
Plasma sodium and potassium ion levels were monitored by using an EEL flame photometer (Mark IE). Rectal temperature was measured throughout the experiment, and the animal's temperature was maintained as necessary with table heaters.
Experimental production of fibrillation Ventricular fibrillation was induced by passing 50Hz currents of 3, 10, 30 or 60 seconds duration from the left forelimb to the right hindlimb ( Figure) . The same leads were used to complete the shock circuit and the ECG circuit. The equipment used for the application of shocks allowed the shock duration to be preset and also incorporated the facility for short circuiting and earthing the ECG amplifier inputs during the shock period. The shock current I passing through the animal was preset by adjusting the voltage V and by varying the external resistance R1 in the shock circuit according to Ohm's Law I = V/(R1 + R2), where R2 is the animal resistance.
The shock current was measured with an ammeter (Avometer, Model 8, Mark III), and the trace of current magnitude and duration was included permanently on the UV record. Three shocks were applied at each current value and if fibrillation did not occur the current was increased in steps of approximately 2OmA until at least one of the three shocks resulted in fibrillation. The current was then further increased in the same way until all three shocks caused fibrillation. The lowest current at which one or more of the shocks resulted in fibrillation was termed the minimum fibrillating current (MinFC) and the lowest current at which all three shocks caused fibrillation, the minimum 100 % fibrillating current (MinlO0%FC).
When fibrillation occurred a direct current countershock of 60 to 70 joules was applied across the chest to defibrillate the heart. The sides of the chest had previously been shaved and electrode jelly applied to the skin to improve the contact between the skin and the defibrillator electrodes. The major difference in method between the present experiments and those of earlier workers, however, is acid-base control. Table 3 demonstrates the reduction in range in the present MinFC results where the acid-base state was controlled. This suggests that varying degrees of acidosis have contributed to the wide variation of MinFC in previous investigations.
As yet no single mechanism has been proposed that can fully explain ventricular fibrillation. This makes it difficult to postulate the possible effect of various factors on the phenomenon. There are, however, certain conditions which must be fulfilled in order to initiate and maintain fibrillation. These conditions include (a) a stimulus to initiate the disorder, (b) changes in conduction velocity and duration of refractory period in part or the whole of the myocardium, and (c) sufficient tissue mass to maintain the fractionated activity. One can therefore attempt to link changes in acid-base state with one or more of these factors in order to explain the results shown in Table 3 .
Effect of acid-base state on MinFC range The dog's heart has frequently been demonstrated to be of sufficient mass to maintain fibrillation (West and Landa, 1962) . Thus condition (c) above is satisfied. Abnormalities of acid-base state are seen as exerting an effect on MinFCs by way of their influence on plasma potassium ion concentration. This in turn will affect conditions (a) and (b).
The stimulus used to induce fibrillation in the experiments under consideration is electric shock. This acts by inducing heteroectopic foci in the myocardium by causing cardiac fibres to function as pacemakers. This pacemaker effect would be enhanced by a decrease in potassium conductance which has been shown to occur with a decrease in extracellular potassium (Antoni, 1961) . Such a decrease occurs in alkalosis (Scribner and Burnell, 1955; Brown and Goott, 1963 ). An increase in extracellular potassium, as occurs during acidosis (Scribner and Burnell, 1955) , would again reduce potassium conductance.
The presence of sufficient tissue mass (c) and the availability of excitable stimuli (a) would not induce or sustain fibrillation, however, if the myocardium was in an absolutely homogenous state. Re-entry can occur only if different areas of the heart differ in conduction velocity and/or duration of refractory period (b).
A decrease in conduction velocity and consequent increase in vulnerability may result from depolarization initiated from a membrane potential which is lower (i.e., less negative) than the normal resting potential (RP). This may occur when (1) depolarization begins during phase 3 of the cardiac action potential (AP) before repolarization is completed, e.g., as in stimulation by electric current, or (2) when the extracellular potassium is elevated (Weidmann, 1956 ) and the membrane potential is again less negative than the RP. The latter situation would occur during acidosis.
Duration of the refractory period is another important factor in perpetuation of fibrillation, and is again affected by abnormal potassium ion distribution. It has been demonstrated by Han, Garcia de Jalon, and Moe (1964, 1966 ) that dispersion of the refractory state over the myocardium facilitates fibrillation. The probable explanation is the increased opportunity of re-entry of an impulse from a region with a long refractory pe od into a region with a shorter refractory period. Hoffman and Cranefield (1960) have emphasized the difference between the duration of action potential in Purkinje and ventricular fibres as a factor contributing to re-entry. Low extracellular potassium has been shown by Gettes and Surawicz (1968) to increase the difference between duration of action potential in these two types of fibres. Both high and low extracellular potassium ion concentrations have, then, been shown to facilitate ventricular arrhythmias. Moreover, it is possible that the potassium/calcium ratio may be involved. For example, the spontaneous fibrillation that often follows hypercapnia has been attributed to a simultaneous increase in plasma potassium and decrease in plasma calcium concentration (Goott and Miller, 1959 (Table 4) . They are shock duration and current value. Increased shock duration or current can both increase the probability of fibrillation but as a result of different mechanisms.
An increase in shock duration for a given shock current (over threshold value) is considered to exert its effect by allowing the pacemaker-like activity of the foci to become more firmly established. The number of foci initiated would not vary but the likelihood of their extinction on cessation of the current would be reduced, hence the increased probability of fibrillation being initiated and perpetuated. It is also possible that the change in position and shape of the heart which might occur during long shocks could cause new foci to be established, again facilitating fibrillation.
An increase in shock current exerts a similar effect but by a different mechanism. For a given shock duration, an increase in current is considered to increase the number of points in the myocardium responding to current flow and the initiation of more potential ectopic pacemakers. Those areas most vulnerable to stimulation will be affected earlier in their relative refractory period than less vulnerable areas. The foci will, then, be firing asynchronously and will cause irregular spread of excitation and non-uniform recovery. This temporary dispersion of refractoriness, as mentioned above, facilitates fibrillation.
Although these two concepts are described separately they are not, ih practice, mutually exclusive. The decrease in MinFC range with increase in shock duration is seen as a result of extending the period available for the current to exert its effect. The decrease in MinFC to Minl00 %FC range is the combined effect of the mechanisms associated with shock current and duration. A state of hypercapnia and/or elevated potassium ion levels, which might occur with prolonged shocks, would further facilitate the perpetuation of fibrillation.
The lack of effect of shock duration on the Mean MinFC value is a special case. There appears to be a threshold limit value of current required to initiate fibrillation regardless of duration. Currents below this seem unable to affect the cardiac fibres early enough in their relative refractory period to induce a sufficient increase in action potential frequency to degenerate into fibrillation. Shock duration would have no effect in this case although the basal value will vary according to the current pathway involved. In the second half of the book the emphasis becomes more environmental, with chapters upon the psychosocial and organizational environment, ergonomics, the physical and thermal environment, airborne contaminants, ventilation, protective clothing, and mental health. There are further chapters on occupational safety and accident prevention and the prevention of occupational disease and ethics in occupational health practice, and the book closes with a chapter on education in occupational health. There is a clear index and a list of contributors stating who they are, which adds to the interest.Thebook is interspersed with clearly designed tables and line diagrams. It is bound in a tasteful maroon colour with gold lettering.
Conclusions
If I were asked 'What is occupational health?' by a sceptical colleague, I feel that I could not do better than press this book into his hand, and at £4-50 it would be quite good value. The Symposium will again aim to present the results of the latest research ino the inhalation and retention of harmful dusts, gases and vapours, the way they are handled by the body and their effects; it will be concerned with basic mechanisms rather than with case histories.
Further information may be obtained from Mr. W. Wood, Institute of Occupational Medicine, Roxburgh Place, Edinburgh, EH8 9SU.
Fifth Summer School on Alcoholism The fifth annual Summer School on Alcoholism will be held at the Brighton College of Education, Falmer, 1-7 September 1973, under the auspices of the Alcoholism Education Centre which receives support from the Department of Health and Social Security.
The aim of the School is to broaden their basis of knowledge about alcoholism in its more important aspects, so that those working in this field will become better equipped for their task.
Applications are invited from social workers (including supervisory staffs of hostels), students of social science, nurses, doctors, probation, prison, and Local Authority social workers, health education officers, health visitors, magistrates, teachers, and all professional groups involved in the problems raised by alcoholism.
Further information may be obtained from The Summer School on Alcoholism, The Maudsley Hospital, Denmark Hill, London SE5 8AZ. Zoledziowski, vol. 30, [155] [156] [157] [158] [159] [160] [161] Throughout the abstract of this paper the currents are wrongly stated as micro amps (pA) whereas they should be in milli amps (mA).
